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(54) Receiving portion of radio communication device 



(57) A receiving portion of a radio communication 
device includes a circuit periodically moving into a sleep 
mode of operation. The circuit periodically moves out of 
the sleep mode of operation in response to a re-activa- 
tion signal. A first clock signal is generated. Clock 
pulses in the first clock signal are counted. The re-acti- 
vation signal Is generated each time the number of the 
counted clock pulses in the first clock signal reaches an 
updatable number. A second clock signal is generated 
which has a frequency higher than a frequency of the 



first clock signal. Clock pulses in the second clock signal 
are counted during every time interval determined by 
the first clock signal. An error of the frequency of the first 
clock signal with respect to the frequency of the second 
clock signal Is calculated on the basis of a result of the 
counting of clock pulses in the second clock signal. The 
updatable number Is set in response to the calculated 
error of the frequency of the first clock signal. 
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Description 

This invention relates to a receiving portion of a 
radio communication device such as a mobile telephone 
set. 

Some mobile telephone sets have receiving por- 
tions which periodically fall into a sleep mode of opera- 
tion. When the receiving portion is in the sleep mode of 
operation, most of circuits in the receiving portion are 
deactivated to save electric power. At an expected tim- 
ing of the transmission of polling signals from a base 
station, the receiving portion changes from the sleep 
mode of operation to an awake mode (a normal mode or 
a starxi-by mode) of operation. 

UK patent application GB 2297884 A correspond- 
ing to Japanese published unexamined patent applica- 
tion 8-251 656 discloses a power saving arrangement in 
a mobile telephone. In UK patent application GB 
2297884 A, the mobile telephone has a high frequency 
system clock, and a processor arranged to process poll- 
ing signals received while the telephone is in its stand- 
by condition. When polling signals are not being 
received, it is possible for the telephone to be placed in 
a sleep condition by deactivating the system clock. Re- 
activation occurs in response to a calibrated number of 
clock cycles produced by a lower frequency sleep clock. 
Upon re-activation, system clock counters specifying 
sub-frame periods and frame periods are re- loaded so 
that they can be re-activated at the required phase. The 
phase of these counters is compared with signals 
received from base stations and modifications are made 
to system counts as required. The extent to which mod- 
ifications are required is also used to re-calibrate the 
sleep clock. 

In the power saving arrangement of UK patent 
application GB 2297884 A. the timing of re-activation is 
determined by the sleep clock. The re-activation 
Includes re-acttvatton of received -signal processing. 
Accordingly, a minimum increment or a minimum decre- 
ment (a minimum variation unit) of the timing of re-acti- 
vation of the received-signal processing corresponds to 
the period of the sleep clock. Thus, it is difficult to vary 
the timing of re-activation of the received-signal 
processing by a unit shorter than the period of the sleep 
clock. 

In the power saving arrangement of UK patent 
application GB 2297884 A, the sleep clock is re-cali- 
brated in response to the result of the comparison 
between the phase of the system clock counters and 
the phase of the signals received from the base stations 
while a frequency error of the sleep clock is not 
detected. 

It is an object of this invention to provide an 
improved receiving portion of a radio communication 
device. 

A first aspect of this invention provides a receiving 
portion of a radio communication device, comprising a 
circuit periodically moving into a sleep mode of opera- 



tion, the circuit periodically moving out of the sleep 
mode of operation in response to a re-activation signal; 
first means for generating a first clock signal; second 
means for counting clock pulses in the first clock signal 

5 and generating the re-activation signal each time the 
number of the counted clock pulses in the first clock sig- 
nal reaches an updatable number; third means for gen- 
erating a second clock signal having a frequency higher 
than a frequency of the first clock signal; fourth means 

10 for counting clock pulses in the second clock signal dur- 
ing every time interval determined by the first clock sig- 
nal; fifth means for calculating an error of the frequency 
of the first clock signal with respect to the frequency of 
the second clock signal on the basis of a result of the 

15 counting by the fourth means; and sixth means for set- 
ting the updatable number in response to the error cal- 
culated by the fifth means. 

A second aspect of this invention is based on the 
first aspect thereof, and provides a receiving portion fur- 

20 ther comprising a reception processing unit; seventh 
means for activating the third means in response to the 
re-activation signal and then activating the reception 
processing unit at a moment which follows a moment of 
the activation of the third means by an updatable time; 

25 and eighth means for setting the updatable time in 
response to the error calculated by the fifth means. 

A third aspect of this invention is based on the first 
aspect thereof, and provides a receiving portion further 
comprising a reception processing unit periodically 

30 moving into a sleep mode of operation, the reception 
processing unit periodically moving out of the sleep 
mode of operation in response to the re-activation sig- 
nal. 

A fourth aspect of this invention is based on the 

35 third aspect thereof, and provides a receiving portion 
further comprising seventh means for comparing a seg- 
ment of the error calculated by the fifth means with a 
predetermined value con^esponding to a multiple-path 
search window width used in the reception processing 

40 unit; and eighth means for changing the updatable 
number in response to a result of the comparing by the 
seventh means. 

A fifth aspect of this invention provides a receiving 
portion of a radio communication device, comprising a 

45 circuit periodically moving into a sleep mode of opera- 
tion, the circuit periodically moving out of the sleep 
mode of operation in response to a re-activation signal; 
first means for generating a first clock signal; a fre- 
quency divider for generating a second clock signal in 

50 response to the first clock signal generated by the first 
means, the second clock signal having a frequency 
lower than a frequency of the first clock signal; second 
means for counting clock pulses in the first clock signal 
and generating the re-activation signal each time the 

55 number of the counted clock pulses in the first clock sig- 
nal reaches an updatable number; third means for gen- 
erating a third clock signal having a frequency higher 
than the frequency of the first clock signal; fourth means 
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for counting clock pulses in the third clock signal during 
every time interval determined by the second clock sig- 
nal; fifth means for calculating an error of the frequency 
of the first clock signal with respect to the frequency of 
the third clock signal on the basis of a result of the § 
counting by the fourth means; and sixth means for set- 
ting the updatable number in response to the error cal- 
culated by the fifth means. 

A sixth aspect of this invention is based on the fifth 
aspect thereof, and provides a receiving portion further io 
comprising a reception processing unit; seventh means 
for activating the third means in response to the re-acti- 
vation signal and then activating the reception process- 
ing unit at a moment which follows a moment of the 
activation of the third means by an updatable time; and is 
eighth means for setting the updatable time in response 
to the error calculated by the fifth means. 

A seventh aspect of this invention is based on the 
fifth aspect thereof, and provides a receiving portion fur- 
ther comprising a reception processing unit periodically 20 
moving into a sleep mode of operation, the reception 
processing unit periodically moving out of the sleep 
mode of operation in response to the re-activation sig- 
nal. 

An eighth aspect of this invention is based on the 25 
seventh aspect thereof, and provides a receiving portion 
further comprising seventh means for comparing a seg- 
ment of the error calculated by the fifth means with a 
predetermined value corresponding to a multiple-path 
search window width used in the reception processing 30 
unit; and eighth means for changing the updatable 
number in response to a result of the comparing by the 
seventh means. 

A ninth aspect of this invention provides a receiving 
portion of a radio communication device, comprising a 35 
controller periodically moving into a sleep mode of oper- 
ation, the controller periodically moving out of the sleep 
mode of operation in response to a re-activation signal; 
first means for generating a first clock signal; second 
means for counting clock pulses in the first clock signal 40 
and generating the re-activation signal each time the 
number of the counted clock pulses in the first clock sig- 
nal reaches an updatable number; third means for gen- 
erating a second clock signal having a frequency higher 
than a frequency of the first clock signal; and fourth 45 
means for counting clock pulses in the second clock sig- 
nal during every time interval determined by the first 
clock signal; wherein the controller comprises fifth 
means for calculating an error of the frequency of the 
first clock signal with respect to the frequency of the so 
second clock signal on the basis of a result of the count- 
ing by the fourth means, and sixth means for setting the 
updatable number in response to the error calculated by 
the fifth means. 

A tenth aspect of this invention provides a receiving ss 
portion of a radio communication device, comprising a 
circuit periodically moving into a sleep mode of opera- 
tion, the circuit periodically moving out of the sleep 
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mode of operation in response to a re-activation signal; 
first means for generating a first clock signal; second 
means for generating a second clock signal having a 
frequency higher than a frequency of the first clock sig- 
nal, the second clock signal having a frequency accu- 
racy higher than a frequency accuracy of the first clock 
signal; third means for periodically detecting a relation 
between the frequency of the first clock signal and the 
frequency of the second dock signal; and fourth means 
for periodically generating the re-activation signal in 
response to the first clock signal at a timing depending 
on the relation detected by the third means. 

Embodiments of the invention will now be 
described, by way of example only, with reference to the 
accompanying drawings in which :- 

Fig. 1 is a block diagram of a prior-art power saving 
arrangement for a mobile telephone. 
Fig. 2 is a block diagram of a portion of a radio com- 
munication device according to a first embodiment 
of this invention. 

Fig. 3 Is a flowchart of a segment of a program 
related to a controller in Fig. 2. 
Fig. 4 is a time<Jomain diagram of states of circuits 
and processes in the radio communication device 
of Fig. 2. 

Fig. 5 is a block diagram of a portion of a radio com- 
munication device according to a second embodi- 
ment of this invention. 

Fig. 6 is a flowchart of a segment of a program 
related to a controller in Fig. 5. 

A prior-art power saving arrangement for a mobile 
telephone which is disclosed in UK patent application 
GB 2297884 A will be further explained for a better 
urxierstanding of this invention. 

Fig. 1 shows the prior-art power saving arrange- 
ment of UK patent application GB 2297884 A which 
includes a system clock 41 ard its associated counters 
42. 43, and 44, The system clock 41 outputs a clock sig- 
nal having a frequency of 16.8 MHz. The system clock 
41 and the counters 42, 43, and 44 communicate with a 
digital signal processor 61 . The processor 61 receives 
external timing signals from base stations via an input 
line 62. The processor 61 , the system clock 41 , and the 
counters 42, 43. and 44 can be placed into a sleep 
mode, during which the system clock 41 ceases to oper- 
ate until re-activation by an interrupt signal supplied on 
an interrupt line 63 to the processor 61 from an adjusta- 
ble counter 64. The adjustable counter 64 receives 
steep clock pulses from a low frequency sleep clock 65 
which operates at approximately 32 kHz. 

In the prior-art power saving arrangement of Fig. 1 , 
the clock signal fed from the system dock 41 clocks the 
processor 61 via a docking line 66. The counter 42 
counts clock pulses from the system dock 41 to gener- 
ate indications of the start of sub-frame periods, that are 
supplied to the processor 61 over a data line 67. The 
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sub-frame period corresponds to a frequency of 336 
kHz. The reduced-frequency clock pulses are supplied 
from the counter 42 to the counter 43, which supplies 
indications of the start of frame periods to the processor 
61 over a data line 68. The frame period corresponds to 5 
a frequency of 50 Hz. The counter 44 receives the out- 
put signal from the counter 43, providing indications of 
the start of superframe periods which are supplied to 
the processor 61 over a data line 69. The superframe 
period corresponds to a frequency of 1 .38 Hz. 10 

In the prior-art power saving arrangement of Fig. 1 , 
the processor 61 is designed to supply new count val- 
ues to the counters 42, 43, and 44 over data lines 70, 
71, and 72 respectively Thus, after the system clock 41 
has been placed in its sleep mode, the system phase 15 
can be restored by downloading new count values to the 
counters 42, 43. and 44. Then, the counters 42, 43, and 
44 can be re-activated so as to continue counting 
pulses directly or indirectly generated by the system 
clock 41. 20 

In the prior-art power saving arrangement of Fig. 1 , 
the processor 61 serves to check whether the counters 
42, 43. and 44 are in phase with signals received from 
base stations via the input line 62. Thus, the processor 
61 can compare its local system phase with the network 25 
system phase and. where appropriate, modify count 
values via the data lines 70. 71 . and 72 so as to bring 
the count values Into phase with the overall network 

In the prior-art power saving arrangement of Fig. 1 , 
the sleep clock 65 generates sleep clock pulses that are 30 
counted by the variable counter 64. The processor 61 
supplies a count value to the variable counter 64 via a 
data line 73, Therefore, the variable counter 64 is con- 
trolled by the processor 61 . The variable counter 64 pro- 
duces activation pulses by reducing the pulse frequency 35 
of the sleep clock. After counting a number of sleep 
pulses defined by the value supplied over the data line 
73. the variable counter 64 outputs a re-activation pulse 
over the interrupt line 63. The re-actlvation pulse 
Instructs the processor 61 to re-activate the system if 40 
the system has been placed in its sleep mode. 

The prior-art power saving arrangement of Fig. 1 
operates as follows. During the sleep mode of opera- 
tion, the system clock 41 is inactive and the processor 
61 is waiting for a re-activation pulse. When the proces- 45 
sor 61 receives a reactivation pulse from the variable 
counter 64 via the interrupt line 63, the system clock 41 
is activated. After the activation of the system clock 41 , 
a short interval is provided during which the circuitry is 
allowed to power up and stabilize so that normal so 
processing can be resumed. 

Prior to the resumption of the normal processing, 
the counters 42, 43, and 44 are re-loaded with new val- 
ues via the data lines 70. 71, and 72 to re-establish 
operation of the processor 61 and the system clock 41 55 
as if they had not been placed In the sleep mode. Thus, 
the processor 61 and the system clock 41 are placed in 
the sleep mode until the re-activation time point. The 



period between re-activation time points is specified in 
terms of a calibrated number of sleep clock pulses. After 
the counters 42, 43, and 44 have been loaded with the 
new values, they are enabled at the appropriate time 
point so as to bring them Into phase with the operating 
environments. 

The phase of the counters 42, 43. and 44 is com- 
pared with external timing signals received over the 
input line 62. The duration of a sleep clock pulse will not 
tend to represent an integer number of system clock 
pulses. Thus, the re-actlvation time points will tend to 
drift with reference to the optimum time point defined in 
terms of system clock pulses, and therefore re-calibra- 
tion is required on a continual t»asi5. On each cycle, a 
re-calibration procedure is effected by making reference 
to the extent to which the counters 42, 43, and 44 are 
out of phase with the external timing signals received 
over the input line 62. The phase comparison provides 
a determination whether the sleep clock has slowed 
down or speeded up. When the sleep clock has slowed 
down, more counts are required by the variable counter 
64 to re-activate the system clock at the optimum time 
point. When the sleep clock has speeded up, fewer 
counts are required by the variable counter 64 to re-acti- 
vate the system clock at the optimum time point. 

Even while the sleep clock 65 remains oscillating at 
a constant frequency, the activation time point will tend 
to drift. Therefore, occasionally a cyde Is required in 
which fewer counts are made by the variable counter 64 
or more counts are made by the variable counter 64. 
Then, the count is re-adjusted on the next cycle and the 
process continues. Thus, the activation time point, as 
determined by the variable counter 64. may drift slightly 
with reference to the optimum time point defined in 
terms of system clock pulses. On the other hand, the 
activation time point, defined by the sleep clock, does 
not drift beyond an extent to which the processor 61 can 
recover the situation with reference to signals received 
externally. 

After the sleep clock is calibrated and a new count 
number is supplied to the variable counter 64, a deci- 
sion is made as to whether or not the sleep mode of 
operation should be maintained. Specifically, data 
received in the polling burst is examined. When this 
data requests the establishment of a connection to a 
base station, it is decided that the sleep mode of opera- 
tion should not be maintained. In this case, the active 
mode of operation is started in which the system clock 
41 is kept operative and measures are undertaken to 
establish a call. When the establishment of a connec- 
tion to a base station is not requested, it is decided that 
the sleep mode of operation should be maintained. In 
this case, the system clock 41 is deactivated and the 
system returns to its sleep mode. 

In the prior-art power saving arrangement of Fig. 1 , 
the period between re-activation time points is specified 
in terms of a calibrated number of sleep clock pulses. 
The re-activation includes re-activation of recelved-slg- 
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nal processing. Accordingly, a minimum increment or a 
minimum decrement (a minimum variation unit) of the 
timing of re-activation of the received-signal processing 
corresponds to the period of the sleep clock. Thus, it is 
difficult to vary the timing of re-activation of the 
received-signal processing by a unit shorter than the 
period of the sleep clock. 

In the power saving arrangement of Fig. 1, the 
sleep clock is re-calibrated in response to the result of 
the comparison between the phase of the counters 42, 
43, and 44 and the phase of the external timing signals 
received via the input line 62 while a frequency error of 
the sleep clock is not detected. 

First Embodiment 

With reference to Fig. 2, a radio communication 
device of a first embodiment of this invention includes a 
high-frequency clock oscillator 1, a counter 2, a pulse 
generator 3, a low-frequency clock oscillator 4, a coun- 
ter 5, a controller 6, and a transmission/reception 
processing unit 7. For example, the radio communica- 
tion device of Fig. 2 corresponds to a mobile station in a 
radio communication network 

The high-frequency clock oscillator 1 is connected 
to the counter 2. the controller 6. and the transmis- 
sion/reception processing unit 7. The counter 2 is con- 
nected to the pulse generator 3 and the controller 6. The 
pulse generator 3 is connected to the low-frequency 
clock oscillator 4. The low-frequency dock oscillator 4 is 
connected to the counter 5. The counter 5 is connected 
to the controller 6. The controller 6 is connected to the 
transmission/reception processing unit 7. 

The high-frequency clock oscillator 1 generates a 
high-frequency clock signal having a frequency of, for 
example, 12.5 MHz. It is preferable that the high-fre- 
quency clock oscillator 1 has a high frequency stability 
and a high frequency accuracy. The frequency stability 
and the frequency accuracy of the high-frequency dock 
oscillator 1 are better than those of the low-frequency 
clock oscillator 4. For example, the high-frequency dock 
oscillator 1 uses a temperature-compensated crystal 
oscillator. The high-frequency clock oscillator 1 outputs 
the high-frequency clock signal to the counter 2 and the 
transmission/reception processing unit 7. The transmis- 
sion/reception processing unit 7 processes a transmis- 
sion signal and a received signal in response to the 
high-frequency clock signal. Specifically, the transmis- 
sion/reception processing unit 7 demodulates a 
received radio signal into a baseband signal. The trans- 
mission/reception processing unit 7 informs the control- 
ler 6 of the baseband signal which generally contains a 
polling signal. 

The low-frequency clock oscillator 4 generates a 
low-frequency clock signal having a frequency lower 
than the frequency of the high-frequency clock signal 
generated by the high-frequency clock oscillator 1 . The 
frequency of the low-frequency dock signal is equal to. 



for example, 500 kHz. The low-frequency clock oscilla- 
tor 4 outputs the low-frequency clock signal to the pulse 
generator 3 and the counter 5. 

The pulse generator 3 periodically outputs a pulse 

5 to the counter 2 in response to the low-frequency clock 
signal. Every pulse outputted from the pulse generator 3 
corresponds in time length (duration or pulse width) to a 
predetermined number of pulses of the low-frequency 
clock signal. The predetermined number is equal to, for 

10 example, 27,500. The pulse generator 3 includes, for 
example, a counter or a frequency divider. 

The counter 2 is preferably of the 20-bit type. The 
counter 2 counts pulses of the high-frequency clock sig- 
nal during a period equal to the width (the duration) of 

15 each pulse outputted from the pulse generator 3. Thus, 
the counter 2 detects or measures the width (the dura- 
tion) of each pulse outputted from the pulse generator 3. 
The number of counted pulses which occurs at the end 
of every count period represents the width (the duration) 

20 of each pulse outputted from the pulse generator 3. The 
counter 2 informs the controller 6 of the counted pulse 
number which represents the width (the duration) of 
each pulse outputted from the pulse generator 3. Imme- 
diately after the counter 2 informs the controller 6 of the 

25 width (the duration) of each pulse outputted from the 
pulse generator 3, the counter 2 resets tlie counted 
pulse number. 

The counter 5 counts pulses of the low-frequency 
clock signal, and periodically generates a re-activation 

30 signal (a restarting signal) in response to the low-fre- 
quency clock signal. The counter 5 outputs the re-acti- 
vation signal to the controller 6. Specifically, the counter 

5 is loaded with information of an updatable reference 
nunrber. Each time the number of counted pulses of the 

35 low-frequency clock signal readies the reference 
number, the counter 5 outputs a re-activation signal and 
then resets the number of counted pulses. 

The controller 6 indudes a DSP (digital signal proc- 
essor), a CPU (central processing unit), or a similar cir- 

40 cuit having a combination of an input/output port, a 
processing section, a ROM, and a RAM. The controller 

6 operates in accordance with a program stored in its 
internal ROM. 

The controller 6 can change between a sleep mode 
45 of Operation and an awake mode (a normal mode) of 
operation. According to the program, the controller 6 
changes from the sleep mode of operation to the awake 
mode of operation in response to the re-activation sig- 
nal outputted from the counter 5. According to the pro- 
50 gram, the controller 6 controls activation and 
deactivation of the high-frequency dock oscillator 1 and 
the transmission/reception processing unit 7. According 
to the program, the controller 6 periodically calculates a 
new reference number and periodically loads the coun- 
55 ter 5 with information of the new reference number. 

The radio communication device of Rg. 2 can be in 
an intermittently receiving mode of operation which has 
the alternation of an awake mode (a normal mode) of 
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operation and a steep mode of operation. During the 
intermittently receiving mode of operation, the low-fre- 
quency clock oscillator 4 and the counter 5 continue to 
be active. Thus, the low-frequency clock oscillator 4 and 
the counter 5 remain operating even during the sleep 
mode of operation. 

In the case where the frequencies of the high-fre- 
quency clock signal and the low-frequency clock signal 
are accurately equal to 12.5 MHz and 500 kHz respec- 
tively, the high-frequency clock oscillator 1 generates 25 
pulses while the tow-frequency clock oscillator 4 gener- 
ates one pulse. An error of the frequency of the low-fre- 
quency clock signal with respect to the frequency of the 
high-frequency clock signal is corrected as follows. The 
counter 2 counts pulses of the high-frequency clock sig- 
nal during every period corresponding in time length to 
the predetermined number (for example, 27,500) of 
pulses of the low-frequency clock signal. The number of 
counted pulses which occurs at the end of every count 
period represents the time length corresponding to the 
predetermined number (for example, 27,500) of pulses 
of the low-frequency clock signal. The counter 2 informs 
the controller 6 of the counted pulse number which rep- 
resents the time length corresponding to the predeter- 
mined number (for example, 27,500) of pulses of the 
low-frequency clock signal. According to the program, 
the controller 6 compares the counted pulse number 
with a predetermined pulse number (equal to. for exam- 
ple, 687,500 = 25 X 27,500) which corresponds to a 
condition where an error is absent from the frequency of 
the low-frequency clock signal with respect to the fre- 
quency of the high-frequency clock signal. Then, the 
controller 6 calculates a mean frequency error or an 
average frequency error of the low-frequency clock sig- 
nal per pulse of the low-frequency clock signal from the 
result of the above-mentioned comparison. According 
to the program, the controller 6 periodically sets a new 
reference number in response to the calculated mean 
frequency error, and periodically loads the counter 5 
with information of the new reference number. In addi- 
tion, the controller 6 controls activation of the high-fre- 
quency clock oscillator 1 arxj the transnnisston/reception 
processing unit 7. 

As previously indicated, the controller 6 operates in 
accordance with a program stored in its internal ROM. 
Fig. 3 is a flowchart of a segment of the program which 
relates to the intermittently receiving mode of operation. 

As shown in Fig. 3, a first step S1 of the program 
segment waits for a re-activation signal outputted from 
the counter 5. When the step S1 detects that a re-acti- 
vation signal is outputted from the counter 5, the pro- 
gram advances from the step SI to a step S2. The step 
S2 changes the controller 6 from a steep mode of oper- 
ation to an awake mode (a normal mode) of operation. 

A step S3 following the step S2 cancels suspension 
of operation of the high-frequency clock oscillator 1 , and 
hence re-activates the high-frequency clock oscillator 1 . 
In addition, the step S3 cancels suspension of operation 



of the counter 2 and the pulse generator 3, and hence 
re-activates the counter 2 and the pulse generator 3. 

A step 84 subsequent to the step S3 changes the 
transmission/reception processing unit 7 from a sleep 

5 mode of operation to an awake mode (a normal mode) 
of operation. In other words, the step S4 re-activates the 
transmission/reception processing unit 7. Upon a 
change from the sleep mode of operation, the transmis- 
sion/reception processing unit 7 makes preparations for 

10 the awake mode of operation. After the preparations 
have been made, the transmission/reception process- 
ing unit 7 falls into the awake mode of operation in which 
the transmission/reception processing unit 7 receives a 
polling radio signal from a base station and demodu- 

15 lates the received signal into a baseband signal. The 
step S4 receives the baseband signal from the trans- 
mission/reception processing unit 7. 

In addition, the step 84 reads out information of the 
fractional part of a value "Q" from the RAM within the 

20 controller 6. The value "Q" has been calculated during 
the immediately preceding execution cycle of the pro- 
gram segment. The step S4 controls the moment of the 
re-activation of the transmission/reception processing 
unit 7 in response to the fractional part of the value "Q". 

25 Specifically the step 84 delays the moment of the re- 
activation of the transmission/reception processing unit 
7 from an uncorrected reference moment by a time cor- 
responding to the fractional part of the value *'Q". 

A step 85 following the step 84 decides whether a 

30 call to the present mobile station is present or absent by 
referring to the t)aseband signal. When it is decided that 
a call to the present mobile station is present, the pro- 
gram advances from the step 85 to a block 820 for 
establishing a connection to the base station. When it is 

35 decided that a call to the present mobile station is 
at)sent, the program advances from the step 85 to a 
step 86. 

The step 86 changes the transmission/reception 
processing unit 7 to the sleep mode of operation. In 

40 Other words, the step 86 deactivates the transmis- 
sion/reception processing unit 7. 

A step 87 subsequent to the step 86 receives a sig- 
nal from the counter 2 which represents a counted pulse 
number indicative of a time length corresponding to the 

45 predetermined number (for example, 27,500) of pulses 
of the low-frequency clock signal. 

A step 88 following the step 87 calculates a ratio 
between the counted pulse number and the predeter- 
mined pulse number (equal to, for example, 687,500 = 

50 25 X 27,500). The predetermined pulse number corre- 
sponds to a condition where an error is absent from the 
frequency of the low-frequency clock signal with respect 
to the frequency of the high-frequency clock signal. 
Then, the step 88 calculates a mean frequency error or 

55 an average frequency error "n" of the low-frequency 
clock signal per pulse of the low-frequency clock signal 
from the calculated pulse-number ratio. Specifically, the 
mean frequency error "n" is expressed as "n = Cp/Pp" 
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where "Cp" denotes the counted pulse number and "Pp" 
denotes the predetermined pulse number (equal to. for 
example, 687,500 = 25 x 27,500). In this case, the 
actual frequency of the low-frequency clock signal is 
given by "500 • n" kHz. The step S8 calculates a value 5 
"Q" which is expressed as "Q = L • 500 • n " where "L" 
denotes a desired time interval measured by the coun- 
ter 5. The value "Q" is composed of an integral part and 
a fractional part. The step SB sets a new reference 
number to the integral part of the value "Q". The step S8 70 
loads the counter 5 with information of the new refer- 
ence number. The counter 5 uses the new reference 
number in generating a next re-activation signal. The 
step S8 stores information of the fractional part of the 
value "Q" into the RAM within the controller 6 as a tim- 15 
ing control parameter for a next execution cycle of the 
program segment. 

A step S9 subsequent to the step SB deactivates 
the high-frequency clock oscillator 1 . In other words, the 
step S9 suspends operation of the high-frequency clock 20 
oscillator 1 . 

A step S 1 0 following the step S9 changes the con- 
troller 6 to the sleep mode of operation. After the step 
Si 0, the program returns to the step SI . 

With reference to Fig. 4, the intermittently receiving 25 
mode of operation of the system (the radio communica- 
tion device of Fig. 2) has the alternation of an awake 
mode of operation and a sleep mode of operation. Dur- 
ing the intermittently receiving mode of operation, the 
low-frequency clock oscillator 4 and the counter 5 con- 30 
tinue to be in on states (active states). On the other 
hand, the high-frequency clock oscillator 1 periodically 
changes between an on state (an active state) and an 
off state (an inactive state). The high-frequency clock 
oscillator 1 changes to the on state before the sleep 35 
mode of operation of the system is replaced by the 
awake mode of operation of the system. The high-fre- 
quency clock oscillator 1 changes to the off state after 
the awake mode of operation of the system is replaced 
by the sleep mode of operation of the system. A radio- 40 
signal receiving process implemented by the transmis- 
sion/reception processing unit 7 periodically changes 
between an on state (an active state) and an off state 
(an inactive state). The radio-signal receiving process 
by the transmission/reception processing unit 7 45 
changes to the on state before the sleep mode of oper- 
ation of the system is replaced by the awake mode of 
operation of the system but after the high-frequency 
clock oscillator 1 changes to the on state! The radio-sig- 
nal receiving process by the transmission/reception so 
processing unit 7 changes to the off state when the 
awake mode of operation of the system is replaced by 
the sleep mode of operation of the system. Baseband 
processing implemented by the transmission/reception 
processing unit 7 periodically changes between an on ss 
state (an active state) and an off state (an inactive 
state). The baseband processing by Ihe transmis- 
sion/reception processing unit 7 changes to the on state ^ 
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before the sleep mode of operation of the system is 
replaced by the awake mode of operation of the system. 
The change of the baseband processing to the on state 
is concurrent with the change of the radio-signal 
processing to the on state. The baseband processing by 
the transmission/reception processing unit 7 changes to 
the off state after the awake mode of operation of the 
system is replaced by the sleep mode of operation of 
the system but before the high-frequency clock oscilla- 
tor 1 changes to the off state. 

The radio communication device of Fig, 2 has the 
following advantage over the prior-art power saving 
arrangement of Fig. 1. In the radio communication 
device of Fig. 2, the moment of the re-activation of the 
transmission/reception processing unit 7 is controlled in 
response to the fractional part of the value "Q". Thus, it 
is possible to vary the timing of the re-activation of the 
transmission/reception processing unit 7 by a unit 
shorter than the period of the low-frequency clock sig- 
nal. Accordingly, the radio communication device of Fig. 
2 provides finer timing control regarding the re-activa- 
tion of the transmission/reception processing unit 7. 

Second Embodiment 

Fig. 5 shows a second embodiment of this invention 
which is similar to the embodiment of Fig. 2 except for 
design changes indicated hereinafter. The embodiment 
of Fig. 5 includes a controller 6A and a transmis- 
sion/reception processing unit 7A instead of the control- 
ler 6 and the transmission/reception processing unit 7 of 
Fig. 1 respectively In the embodiment of Fig, 5, the 
counter 5 is connected to the transmission/reception 
processing unit 7A. In the embodiment of Fig. 5, the 
counter 5 periodically outputs a re-activation signal to 
the controller 6A and the transmission/reception 
processing unit 7A. 

The transmission/reception processing unit 7A is 
designed for CDMA (code division multiple access). 
The transmission/reception processing unit 7A restarts 
its operation in response to a re-activation signal fed 
from the counter 5. 

The controller 6A operates in accordance with a 
program stored in its internal ROM. Fig. 6 is a flowchart 
of a segment of the program related to the controller 6A. 
The program segment in Fig. 6 is similar to the program 
segmer^ in Fig. 3 except for design changes indicated 
hereinafter. The program segment in Fig. 6 includes 
steps S4A and S8A instead of the steps S4 and S8 in 
Fig. 3 respectively 

The step S4A follows the step S3 and precedes the 
step S5. The step S4A receives a t>aseband signal from 
the transmission/reception processing unit 7 A. 

The step S8A follows the step S7 and precedes the 
step S9. The step S8A calculates a ratio between the 
counted pulse number and the predetermined pulse 
number (equal to, for example, 687,500 = 25 x 27,500). 
The predetermined pulse number corresponds to a con- 
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dition where an error is absent from the frequency of the 
low-frequency clock signal with respect to the frequency 
of the high-frequency clock signal. Then, the step S8A 
calculates a mean frequency error or an average fre- 
quency error "n" of the low-frequency clock signal per 
pulse of the low-frequency clock signal from the calcu- 
lated pulse-number ratio. Specifically, the mean fre- 
quency error "n" is expressed as "n = Cp/Pp" where 
"Cp" denotes the counted pulse number and "Pp" 
denotes the predetermined pulse number (equal to, for 
example, 687,500 = 25 x 27,500). In this case, the 
actual frequency of the low-frequency clock signal Is 
given by "500 • n" kHz. The step S8A calculates a value 
"Q" which is expressed as "Q = L • 500 • n " where "L" 
denotes a desired time interval measured by the coun- 
ter 5. The value "Q" is composed of an integral part and 
a fractional part. The step S8A compares the fractional 
part of the value "Q" with a time of the width of a window 
for a multiple-path search implemented by the transmis- 
sion/reception processing unit 7A. When the fractional 
part of the value "Q" is equal to or greater (longer) than 
the search window width time, the step S8A implements 
a first sequence of processes. On the other hand, when 
the fractional part of the value "Q" is smaller (shorter) 
than the search window width time, the step S8A imple- 
ments a second sequence of processes. 

During the first sequence of processes, the step 
S8A sets a new reference number to the integral part of 
the value "Q". The step S8A loads the counter 5 with 
information of the new reference number. 

During the second sequence of processes, the step 
S8A sets a new reference number equal to the integral 
part of the value "Q" minus "1". This results in an earlier 
timing at which the counter 5 outputs a next re-activa- 
tion signal. The step S8A loads the counter 5 with infor- 
mation of the new reference number. 

As previously indicated, the transmission/reception 
processing unit 7A restarts its operation in response to 
a re-activation signal fed from the counter 5. When 
restarting, the transmission/reception processing unit 
7A implements the re-acquisition (the re-establishment) 
of chip synchronization and the assignment of RAKE 
fingers as preparations for the awake mode of opera- 
tion. In addition, the transmission/reception processing 
unit 7A implements a parallel search by a plurality of 
sliding correlators, demodulating signals of multiple 
paths and executing a RAKE combining process to pro- 
vide a combination-resultant signal. The transmis- 
sion/reception processing unit 7A derives a baseband 
signal from the combination- resultant signal. The trans- 
mission/reception processing unit 7A outputs the base- 
band signal to the controller 6A. 

A frequency error of the low-frequency clock signal 
with respect to the high-frequency clock signal is cor- 
rected as in the embodiment of Fig. 1 . This frequency 
error correction enables the transmission/reception 
processing unit 7A to reliably implement RAKE recep- 
tion. 
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Claims 

1. A receiving portion of a radio communication 
device, comprising: 

a circuit periodically moving into a sleep mode 
of operation, the circuit periodically moving out 
of the sleep mode of operation in response to a 
re-activation signal; 

first means for generating a first clock signal: 
second means for counting clock pulses in the 
first clock signal and generating the re-activa- 
tion signal each time the number of the counted 
clock pulses in the first clock signal reaches an 
updatable number; 

third means for generating a second clock sig- 
nal having a frequency higher than a frequency 
of the first clock signal; 

fourth means for counting clock pulses in the 
second clock signal during every time interval 
determined by the first clock signal; 
fifth means for calculating an error of the fre- 
quency of the first clock signal with respect to 
the frequency of the second clock signal on the 
basis of a result of the counting by the fourth 
means; and 

sixth means for setting the updatable number in 
response to the error calculated by the fifth 
means. 

2. A receiving portion as recited in claim 1, further 
comprising: 

a reception processing unit; 
seventh means for activating the third means in 
response to the re-activation signal and then 
activating the reception processing unit at a 
moment which follows a moment of the activa- 
tion of the third means by an updatable tme; 
and 

eighth means for setting the updatable time in 
response to the error calculated by the fifth 
means. 

3. A receiving portion as recited in claim 1, further 
comprising a reception processing unit periodically 
moving into a sleep mode of operation, the recep- 
tion processing unit periodically moving out of the 
sleep mode of operation in response to the re-acti- 
vation signal. 

4. A receiving portion as recited in claim 3, further 
comprising: 

seventh means for comparing a segment of the 
error calculated by the fifth means with a pre- 
determined value corresponding to a multiple- 
path search window width used in the reception 
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6. 



processing unit; and 

eighth means for changing the updatable 
number in response to a result of the compar- 
ing by the seventh means. 

5 

A receiving portion of a radio communication 
device, comprising: 

a circuit periodically moving into a sleep mode 
of operation, the circuit periodically moving out io 
of the sleep mode of operation in response to a 
re-activation signal; 

first means for generating a first dock signal; 
a frequency divider for generating a second 
clock signal in response to the first clock signal is 
generated by the first means, the second clock 
signal having a frequency lower than a fre- 
quency of the first clock signal; 
second means for counting clock pulses in the 
first clock signal and generating the re-actlva- 20 
tion signal each time the number of the counted 
clock pulses in the first clock signal reaches an 
updatable number; 

third means for generating a third clock signal 
having a frequency higher than the frequency 25 
of the first clock signal: 

fourth means for counting clock pulses in the 
third dock signal during every time interval 
determined by the second clock signal: 
fifth means for calculating an error of the fre- so 
quency of the first clock signal with respect to 
the frequency of the third clock signal on the 
basis of a result of the counting by the fourth 
means; and 

sixth means for setting the updatable number in 35 
response to the error calculated by the fifth 
means- 

A receiving portion as recited in claim 5. further 
comprising: 40 

a reception processing unit; 
seventh means for activating the third means in 
response to the re-activation signal and then 
activating the reception processing unit at a 45 
moment which follows a moment of the activa- 
tion of the third means by an updatable time: 
and 

eighth means for setting the updatable time in 
response to the error calculated by the fifth so 
means. 

A receiving portion as recited in claim 5, further 
comprising a reception processing unit periodically 
moving into a sleep mode of operation, the recep- ss 
tion processing unit periodically moving out of the 
sleep mode of operation in response to the re-acti- 
vation signal. 



8. A receiving portion as recited in claim 7. further 
comprising: 

seventh means for comparing a segment of the 
error calculated by the fifth means with a pre- 
determined value corresponding to a multiple- 
path search window width used in the reception 
processing unit; and 

eighth means for changing the updatabrfe 
number in response to a result of the compar- 
ing by the seventh means. 

9. A receiving portion of a radio communication 
device, comprising: 

a controller periodically moving into a sleep 
mode of operation, the controller periodically 
moving out of the sleep mode of operation In 
response to a re-activation signal; 
first means for generating a first clock signal; 
second means for counting clock pulses In the 
first dock signal and generating the re-activa- 
tion signal each time the number of the counted 
clock pulses in the first clock signal reaches an 
updatable number; 

third means for generating a second clock sig- 
nal having a frequency higher than a frequency 
of the first clock signal: and 
fourth means for counting clock pulses In the 
second clock signal during every time interval 
determined by the first clock signal; 

wherein the controller comprises fifth 
means for calculating an error of the frequency 
of the first clock signal with respect to the fre- 
quency of the second clock signal on the basis 
of a result of the counting by the fourth means, 
and sixth means for setting the updatable 
number in response to the error calculated by 
the fifth means. 

10. A receiving portion of a radio communication 
device, comprising: 

a circuit periodically moving into a sleep mode 
of operation, the circuit periodically moving out 
of the sleep mode of operation in response to a 
re-actlvatlon signal; 

first means for generating a first dock signal; 
second means for generating a second clock 
signal having a frequency higher than a fre- 
quency of the first clock signal, the second 
clock signal having a frequency accuracy 
higher than a frequency accuracy of the first 
clock signal; 

third means for periodically detecting a relation 
between the frequency of the first dock signal 
and the frequency of the second clock signal: 

and > ■ 
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fourth means for periodically generating the re- 
activation signal in response to the first clock 
signal at a timing deperding on the relation 
detected by the third means. 
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